We sought to identify characteristics of individuals with mild cognitive impairment (MCI) that are associated with a relatively high probability of reverting back to normal cognition, and to estimate the risk of future cognitive decline among those who revert.
Mild cognitive impairment (MCI) is often regarded as an intermediate state on a one-way path from normal cognition to dementia. 1 However, several longitudinal epidemiologic studies have found that transition from an MCI diagnosis back to normal cognition is fairly common. [2] [3] [4] [5] [6] [7] [8] [9] Estimates of transition from MCI back to normal cognition have been quite varied, ranging from 4% to 15% [2] [3] [4] [5] in clinic-based studies and 29% to 55% 6 -9 in population-based studies, depending in part on duration of follow-up. To date, few, if any, studies have focused on the subset of subjects who return to normal cognition after an MCI diagnosis. With increasing emphasis on the need to treat incipient dementia at an early stage, 10 it will be important to know which individuals with MCI have a favorable prognosis.
The present study had 2 main aims. First, we sought to identify factors associated with increased likelihood of reverting from MCI to normal cognition. We hypothesized that factors that have previously been found to be associated with the progression from MCI to dementia would have the opposite association with the probability of reversion from MCI to normal cognition. We also hypothesized that subjects whose primary etiologic diagnosis was thought to be a transitory process, such as medication effects or medical illness, would revert back more often. Second, we sought to describe the longer-term risk of future cognitive decline among those who initially had MCI and then improved. We hypothesized that they would remain at increased risk for retransitioning to cognitive impairment.
METHODS Subjects included in this study were part of the National Alzheimer's Coordinating Center Uniform Data Set (NACC UDS), described previously. 11 Briefly, UDS subjects were seen at 1 of the 33 current or past Alzheimer's Disease Centers (ADCs) funded by the National Institute on Aging. ADCs conduct research and provide clinical evaluation and treatment for patients with MCI, dementia due to Alzheimer disease (AD), and other dementias. Cognitively normal controls are also recruited to participate in the UDS.
All patients were evaluated at each ADC visit by means of the UDS, which included standardized data collection forms that capture information on demographic and clinical subject characteristics.
Standard protocol approvals, registrations, and patient consents. Written informed consent was obtained from all participants and their study partners. Research using the NACC database was approved by the Institutional Review Board at the University of Washington.
Aim 1: Identify risk factors.
The study sample for this aim consisted of 3,020 subjects aged 65 years or older who 1) were diagnosed with MCI according to standard criteria 12 during at least 1 ADC visit between September 2005 and June 2011 and 2) had cognitive status reassessed at a subsequent ADC visit about 1 year (Ϯ6 months) later.
Data. Those meeting criteria for MCI had a cognitive complaint (self-reported or informant-reported), had decline beyond normal aging, did not have dementia, had clinician-judged cognitive decline, and had essentially normal daily function. Cognitive status at the first study visit was further categorized into 4 MCI subtypes: amnestic single domain (memory impairment only), amnestic multiple domain (memory plus at least 1 other domain), nonamnestic single domain (impairment in 1 of language, attention, executive function, or visuospatial ability), or nonamnestic multiple domain (impairment in at least 2 of language, attention, executive function, and visuospatial ability). 13, 14 At the follow-up visit, about 1 year later, cognitive status was reassessed and categorized as normal cognition; impaired, but not meeting criteria for MCI; MCI; or dementia. Preliminary analyses suggested that some ADCs used the "impaired, not MCI" category frequently, whereas other ADCs never used this designation. Accordingly, study participants classified as either normal cognition or "impaired, not MCI" were combined for analysis into a single "Ͻ MCI" category denoting normal or near-normal cognition, defined as those with no impairment or any impairment falling below the MCI criteria threshold.
Candidate risk factors for transitioning to Ͻ MCI, staying at MCI, or progressing to dementia were drawn from data collected at the first visit. The demographic characteristics assessed were age, sex, race, educational attainment, and marital status.
Clinician-judged symptoms included years since cognitive decline began, as well as clinically significant decline relative to previously attained abilities in memory, judgment or problem solving, language, visuospatial function, and attention or concentration. Subject-or informant-reported decline in memory relative to previously attained abilities was also evaluated.
In addition to differentiating subjects by MCI subtype, the primary etiologic diagnosis was also used to classify subjects, including the following diagnoses: National Institute of Neurological and Communicative Disorders and Stroke-AD and Related Disorders Association (NINDS-ADRDA) probable or possible AD, 15 Parkinson disease, 16 vascular dementia, 17 depression, 18 dementia with Lewy bodies, 19 and all other diagnoses, excluding "unknown." The presumed etiology of MCI was classified as a potentially transitory condition if it was cognitive dysfunction due to medical illness, cognitive dysfunction due to medication, depression or other major psychiatric disorder, or hydrocephalus.
Cognition was measured by the Mini-Mental State Examination (MMSE). 20 Functional abilities were ascertained with the Functional Activities Questionnaire (FAQ), 21 which rates the subject's ability to conduct 10 instrumental activities of daily living at 1 of 4 levels: "normal," "has difficulty but does by self," "requires assistance," and "dependent." A total score was calculated by adding the scores for each of the 10 activities. If more than 5 of the responses were not applicable or left blank, the total score was considered missing. For subjects with 1 to 5 missing responses, the total score was calculated by prorating the available responses. The Clinical Dementia Rating (CDR) scale sum-of-boxes score 22 served as a global measure of severity of impairment.
The transition rate for subjects with at least 1 APOE ⑀4 allele was compared to that of noncarriers.
The comorbid conditions examined were assessed by means of the modified Hachinski Ischemic Score (HIS), history of stroke, history of diabetes, and depression as measured by the Geriatric Depression Scale (GDS) 23 total score. The total score is the sum of all the questions, prorated in the presence of 3 or fewer missing responses.
Finally, center-level factors were considered. These were whether the diagnosis was made by a consensus or a single clinician as well as differences among the individual ADCs themselves.
Statistical analysis. The relationship between each candidate risk factor and the proportion of subjects who had a diagnosis of Ͻ MCI at their next ADC visit was initially tested for statistical significance with a 2 test. If the response or measure was missing for a given predictor, then the subject was excluded from the analysis for that characteristic.
Multivariable analyses involved 4 steps. First, APOE ⑀4 status, MMSE score, and FAQ total score were imputed for subjects with missing data on these variables, by means of multiple imputation by chained equations. 24,25 APOE ⑀4 status was imputed for 979 subjects (32%), MMSE score for 80 subjects (3%), and FAQ total score for 87 subjects (3%). All other risk factors were used as predictors in the imputation process. Ten imputed values were generated for each subject with missing data, yielding 10 complete datasets. The main advantages of using multiple imputation over the complete case sample were 1) to increase power to detect associations in a multiple regression model by using the partial information available on some subjects and 2) to anticipate the likely possibility that the presence of missing scores was not completely random, but that, among subjects with similar known characteristics, the distribution of missing values would resemble that of known values.
Second, backward-elimination was used with logistic regression on the complete-cases dataset, starting with all risk factors that initial bivariate analyses had shown to be statistically significantly associated with improvement and serially excluding the least important one until the Akaike's Information Criterion (AIC) was minimized. This strategy sought to identify a parsimonious set of patient characteristics, each of which contributed to identifying patients with a relatively high probability of improvement. The AIC measures goodness of fit by evaluating the tradeoff between the information explained by the model and its residual variance. 26 Third, logistic regression models involving the risk factors selected in step 2 were fitted by generalized estimating equations (GEEs) 27 to allow for nonindependence of subjects within ADCs, using an independence correlation structure and robust standard errors. Such a model was fitted for each of the 10 complete datasets resulting from the imputation in step 1.
Finally, results of the 10 parallel analyses were combined according to Rubin's rules 28 to obtain summary adjusted odds ratios (ORs) and confidence limits.
Aim 2: Describe risk of future cognitive decline. To address the second aim, the study sample consisted of all 4,412 UDS participants aged 65 years or older who 1) had made at least 2 visits to an ADC before June 1, 2011; 2) had either MCI or Ͻ MCI (but not dementia) on the first visit; and 3) had Ͻ MCI on the second visit. The second visit was termed the index visit, and the first visit was termed the preindex visit. Of these 4,412, 694 of them had MCI on the preindex visit-that is, they had reverted to normal or near-normal cognition by the time of the index visit. The remaining 3,718 subjects had Ͻ MCI on both visits. Data. Information collected on these subjects was as described for aim 1. Subjects were followed approximately annually according to UDS protocol until the earliest of 1) development of MCI or dementia; 2) 3 years after their index visit; 3) June 1, 2011; 4) death; or 5) discontinued participation in the UDS. All of these except 1) were treated as censoring events.
Statistical analysis. Survival analysis was used to estimate time to MCI or dementia after the index visit, in relation to whether the subject had MCI or Ͻ MCI on the preindex visit. Cox proportional-hazards regression yielded estimates of the hazard ratio for development of MCI or dementia in relation to presence or absence of MCI on the preindex visit, controlling for several known risk factors for cognitive decline. These analyses were carried out in 2 ways: 1) using all subjects who had complete data on whichever covariates entered each model; and 2) restricting the analysis to subjects who had complete data on all covariates. RESULTS Risk factor identification. Of the 3,020 subjects with MCI on their initial study visit, 483 (16%) had a diagnosis of Ͻ MCI, 1,941 (64%) had MCI, and 596 (20%) had progressed to dementia at their next visit approximately 1 year later. Table 1 shows the proportion transitioning to each cognitive state in relation to each demographic characteristic, whereas table 2 shows the proportion transitioning in relation to each clinical characteristic. Tables e-1 and e-2 on the Neurology ® Web site at www.neurology. org provide results for additional clinical characteristics and comorbid conditions. In keeping with the study's focus on reversion rather than progression of MCI, the p values presented in tables 1 and 2 pertain only to the null hypothesis of no difference in the proportion of subjects transitioning to Ͻ MCI, not an overall difference among the 3 cognitive states. In general, risk factors associated with progression to dementia were inversely associated with improvement to Ͻ MCI. Those more often reverting to Ͻ MCI were younger, had more recent symptom onset (results not shown), did not have clinician-reported decline in memory or decline in judgment or problem-solving (results not shown), did not self-report memory decline, and did not have an APOE ⑀4 allele. Nonetheless, there were a few exceptions to this pattern. For example, nonamnestic multiple-domain MCI subjects were less likely than amnestic memory-only MCI subjects to progress to dementia, but they also were less likely to revert to Ͻ MCI.
The degree of cognitive impairment on the first MCI visit was strongly associated with cognitive status on the next visit: subjects with higher MMSE scores or lower CDR sum-of-boxes scores more often improved than did more impaired subjects. Similarly, subjects with few functional impairments more often improved than those with a greater degree of functional impairment.
As hypothesized, subjects whose MCI was attributed to an etiology of a transitory condition more often reverted to Ͻ MCI; however, a presumed etiologic diagnosis had not been recorded for nearly 3/5 of the subjects.
Frequency of reverting to Ͻ MCI also varied significantly among the ADCs ( p Ͻ 0.001 for a global difference; results not shown).
The results of the multivariable analysis are presented in table 3. The estimated ORs listed in the table refer to associations with improvement to Ͻ MCI, not with progression to dementia. Whether MCI was ascribed to a transitory condition was omitted from the multivariable analysis because it was so often unknown or missing.
Reversion to Ͻ MCI differed by MCI type, being more common in amnestic MCI and when multiple cognitive domains were impaired. Both MMSE and CDR sum-of-boxes were statistically significant predictors of reverting to Ͻ MCI, even though each OR was adjusted for the other. Similarly, having fewer functional impairments as measured by the FAQ was predictive of a return to Ͻ MCI. Finally, presence of an APOE ⑀4 was negatively associated with reversion to Ͻ MCI.
Risk of subsequent cognitive decline. As shown in the figure, subjects who had MCI on their preindex visit but then improved to Ͻ MCI were much more likely to develop MCI again or to progress to dementia over the subsequent 3 years than were those without a history of MCI. In this sample, more than half of those who had reverted from MCI to Ͻ MCI went on to develop MCI or dementia again within the subsequent 3 years. The cumulative incidence curve for the Ͻ MCI group combines patients with normal cognition and those with mild impairment not meeting criteria for MCI; however, as noted above, preliminary analyses suggested that distinction was not made consistently across ADCs. Table 4 shows that the sharply higher risk of retransitioning to MCI or dementia among those with MCI on the preindex visit was not explained by controlling for several combinations of known risk factors for cognitive decline. Even in models that included all 7 covariates shown, the hazard ratio for subsequent development of MCI or dementia in relation to a history of MCI was 5.22 (95% confidence interval, 4.16 -6.56).
DISCUSSION
In this sample of subjects seen at ADCs, reverting from MCI back to normal or nearnormal cognition a year later was fairly common: 16% reverted to Ͻ MCI, only slightly fewer than the 20% who progressed to dementia.
These results are similar to previously reported estimates of the rate of reversion in MCI. For example, in the Nun Study, 14.5% of subjects with MCI returned to normal cognition after 11 years of follow-up. 3 Subjects more often stayed in their current cognitive state than transitioned to another, which was observed among the ADC subjects as well. Both studies may have underestimated the proportion of subjects returning to normal cognition, as clinicians are not blinded to previous patient diagnoses; clinicians may be disinclined to assign a diagnosis of normal cognition for a patient previously diagnosed as MCI.
Several characteristics were significantly associated with increased odds of improved cognition approximately 1 year later. These included nonamnestic MCI, especially single-domain; less severe MCI, as described by high MMSE score or low CDR sum-of-boxes score; not having an APOE ⑀4 allele; and the clinical attribution of MCI to a transitory condition, such as underlying medical illness or medication. Each of these characteristics (except attribution to a transitory condition) contributed significantly to a multivariable logistic model predicting reversion, suggesting that each factor is important in its own right. Unfortunately, the large amount of missing data on presumed etiology of MCI precluded more detailed analysis of the possible importance of that factor.
The survival analysis results from this study strongly suggested that patients who meet criteria for MCI and then improve remain at increased risk for retransitioning to MCI or dementia over the longer term. This finding held true even after controlling for several covariates associated with cognitive decline. One explanation may be that cognition often varies within individuals over time, so a patient who is just over the threshold to qualify as having MCI may later drop below that threshold if the timing of the next follow-up visit happens to fall during a period of relatively better cognition. Meanwhile, the underlying neurodegenerative process that accounted for the first episode of MCI may remain active and lead to long-term cognitive decline despite day-today fluctuations. Likewise, measurement error is inescapable in assessment of cognitive function and may also contribute to variation in classification of a patient's cognitive state over time.
This study had several strengths, including a large sample size, availability of many demographic and clinical characteristics from standardized assessments, and wide geographic scope; however, there were also some limitations. First, we were unable to distinguish reliably between normal cognition and "impaired, not MCI" at the follow-up visit, because of the inconsistent use of the latter category among the ADCs. As noted above, there was also a high frequency of missing data on the presumed MCI etiology at the first visit, as well as on APOE genotype. In addition, ADC subjects constitute a large multicenter case series, not a truly population-based sample; thus, the generalizability of results from ADC subjects to other clinical populations is unknown. Finally, we performed many tests of significance in this analysis, which increases the chance of a Type I error: falsely rejecting the null hypothesis that there is no association between the risk factor and the probability of reversion.
These findings contribute to a dilemma for clinicians who care for patients with MCI. As new treatments of the underlying neurodegenerative process are developed, it will be of critical importance to select candidates for trials who are most likely to be in the early stages of neurodegeneration. Patients with a high likelihood of reverting to normal or near-normal cognition on their own may reap little benefit from antidementia treatments while still being exposed to side effects, risks, and costs. Also, enrolling trial participants who are unlikely to have the targeted disease could affect the results of the trial in terms of both efficacy and risk. Conversely, patients who do revert to normal cognition may experience only a temporary remission of cognitive impairment.
To help resolve this dilemma, we hope that future research may be able to identify a subset of patients with MCI who are likely to recover and not relapse and who thus could be spared unnecessary antidementia treatments.
